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Overview 

The main body of this handbook covers the CO2FLX system deployed by ARM from 2015 to the present. 

The appendix provides a handbook for an earlier version of the system that was in use from 2002 to 2015, 
at which time a major redesign of the system occurred. 
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Acronyms and Abbreviations 

3D three-dimensional 
ARM Atmospheric Radiation Measurement 
C1 Central Facility 
DO2FLX carbon dioxide flux measurement system 
IRGA infrared gas analyzer 
NetCDF Network Common Data Form 
PAR photosynthetically active radiation 
QC quality control 
RF radio frequency 
RH relative humidity 
rms root mean square 
SGP Southern Great Plains 
SOS speed of sound 
VDC voltage, direct current 
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1.0 Instrument Title 
Carbon dioxide flux measurement system (CO2FLX) 

2.0 Mentor Contact Information 
W. Stephen Chan 
Earth and Environmental Sciences Area 
Lawrence Berkeley National Laboratory 
One Cyclotron Road 
Berkeley, California 94720 
Phone: (510) 486-4194 
swchan@lbl.gov 

Sebastien Biraud 
Earth and Environmental Sciences Area 
Lawrence Berkeley National Laboratory 
One Cyclotron Road 
Berkeley, California 94720 
Phone: (510) 486-6084 
scbiraud@lbl.gov 

3.0 Vendor/Developer Contact Information 

3.1 Data Processing and System Design 

W. Stephen Chan 
Earth and Environmental Sciences Area 
Lawrence Berkeley National Laboratory 
One Cyclotron Road 
Berkeley, California 94720 
Phone: (510) 486-4194 
swchan@lbl.gov 

3.2 Instrument Manufacturers 

Gill Instruments  
Saltmarsh Park 
67 Gosport Street 
Lymington, Hampshire, United Kingdom 
SO41 9EG 
Phone: +44 (0) 1590 613500 
Website: https://gillinstruments.com/ 

mailto:swchan@lbl.gov
https://gillinstruments.com/
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LI-COR 
4647 Superior Street 
P.O. Box 4425 
Lincoln, Nebraska 68504 
Phone: +1 (402) 467-3576 
Website: https://www.licor.com/ 

Campbell Scientific 
815 West 1800 North 
Logan, Utah 84321 
Phone: +1 (435) 753-2342 
Website: www.campbellsci.com 

OTT HydroMet Corp. (formerly Kipp & Zonen) 
22400 Davis Drive 
Sterling, Virginia 20164 
Phone: +1 (703) 406-2800 
Website: https://www.kippzonen.com/ 

Dynamax Inc (U.S. distributor for Delta-T) 
10808 Fallstone Suite #350 
Houston, Texas 77099 
Phone: +1 (281) 564 5100 
Website: https://dynamax.com/ 

HuksefluxUSA, Inc. 
15 Frowein Road, Suite E-3 
Center Moriches, New York 11934 
Phone: +1 (631) 251-6963 
Website: https://huksefluxusa.com/ 

R. M. Young Company 
2801 Aero Park Drive 
Traverse City, Michigan 49686  
Phone: +1 (231) 946-3980 
Website: https://www.youngusa.com/ 

Vaisala  
194 Taylor Ave  
Louisville, Colorado 80027 
Phone: +1 (303) 499-1701 
Website: http://www.vaisala.com/ 

https://www.licor.com/
http://www.campbellsci.com/
https://www.kippzonen.com/
https://dynamax.com/
https://huksefluxusa.com/
https://www.youngusa.com/
http://www.vaisala.com/
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Apogee Instruments, Inc. 
721 W 1800 N 
Logan, Utah 84321 
Phone: +1 (435) 792-4700 
Website: https://www.apogeeinstruments.com/ 

Texas Electronics 
4230 Shilling Way 
Dallas, Texas 75237 
Phone: +1 (214) 631-2490 
Website: https://texaselectronics.com/ 

4.0 Instrument Description 
The carbon dioxide flux measurement system (CO2FLX) provides half-hour (30-minute)-averaged 
turbulent fluxes of mass, momentum, and energy. Fluxes are calculated using the eddy covariance 
technique which require high-frequency (10 Hz) observations of wind speed using a sonic anemometer 
and a scalar of interest such as carbon dioxide (CO2) and water vapor (H2O) concentrations using an 
infrared gas analyzer. Turbulent fluxes for CO2FLX are collected at three heights (4, 25, 60 m) at the 
U.S. Department of Energy Atmospheric Radiation Measurement (ARM) user facility’s Southern Great 
Plains (SGP) Central Facility (C1). Observations began in 2002. In July 2015, the CO2FLX became an 
ARM baseline system. At the time of this transition, the infrared gas analyzers at the 25 and 60-m heights 
were removed. 

In addition to the turbulent flux observations, the CO2FLX datastream includes meteorological, radiation, 
and below-ground observations. 

This document focuses on the current CO2FLX system (after July 2015). Please refer to the previous 
instrument handbook for details regarding the historical CO2FLX observations. 

5.0 Measurements Taken 
The table below captures the direct observations taken by sensors in the CO2FLX system. 

Table 1. List of instruments and associated variables. 

Instrument Manufacturer Description Variables 

R3-50 Gill Instruments  3D sonic anemometer u, v, w winds; sonic temperature 

LI-7500RS LI-COR Infrared gas analyzer CO2 and H2O concentrations; ambient 
temperature and pressure 

CNR4 Kipp & Zonen Four-component net radiometer upwelling/downwelling shortwave 
radiation; upwelling/downwelling 
longwave radiation 

PQS1 Kipp & Zonen photosynthetically active radiation 
(PAR) sensor 

upwelling/downwelling PAR 

https://www.apogeeinstruments.com/
https://texaselectronics.com/
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Instrument Manufacturer Description Variables 

SPN1 Delta-T sunshine pyranometer downwelling direct, diffuse, and total 
shortwave radiation 

SI-111 Apogee infrared thermometer surface temperature 

HFP01SC Hukseflux self-calibrating soil heat flux plates soil heat flux 

CS655 Campbell 
Scientific 

12-cm soil moisture and temperature 
sensor 

volumetric water content, soil 
electrical conductivity, soil 
temperature, soil permittivity 

PTB110 Vaisala barometric pressure atmospheric pressure 

TR-525M Texas 
Electronics 

tipping bucket rain gauge precipitation 

41382VC R.M. Young air temperature and relative humidity ambient air temperature, relative 
humidity 

6.0 Links to Definitions and Relevant Information 
6.1 Data Object Description 

CO2FLX data are available as daily files from ARM Data Discovery (https://adc.arm.gov/discovery). a1 
files contain the raw high-frequency observations (10 Hz) from the sonic anemometer and infrared gas 
analyzer. b1 files contain 30-minute-averaged values. 

6.2 Data Ordering 
A large number (~20) of datastreams are associated with CO2FLX. The CO2FLX datastream names and 
associated variables have changed over time. Table 2 delineates the datastream names before and after 
July 2015. Tables 3 and 4 provide a brief description of each datastream as well as a comprehensive 
variable listing. 

Table 2. Datastream names by date. 

Datastream names pre-July 2015 Datastream names post-July 2015 

sgp30co2flx4mC1.a1 
sgp30co2flx25mC1.a1 
sgp30co2flx60mC1.a1 
sgp30co2flx4mC1.b1 
sgp30co2flx25mC1.b1 
sgp30co2flx60mC1.b1 
sgp30co2flx4mmetC1.b1 

sgpco2flxgas4mC1.a1 
sgpco2flxwind4mC1.a1 
sgpco2flxwind25mC1.a1 
sgpco2flxwind60mC1.a1 
sgpco2flx4mC1.b1 
sgpco2flx25mC1.b1 
sgpco2flx60mC1.b1 
sgpco2flxrad4mC1.b1 
sgpco2flxsoil4mC1.b1 
sgpco2flxsoilaux4mC1.b1 
sgpco2flxwindC1.b1 

https://adc.arm.gov/discovery
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From 2015-07-22 to present, the CO2FLX observations are reported in the following datastreams: 

Table 3. Datastream variables for CO2FLX from July 2015 to present. 

Datastream name Brief description Variables reported 

sgpco2flxgas4mC1.a1 high-frequency (10 Hz) raw 
observations from the 
infrared gas analyzer at 4m. 

'co2_concentration' 
'h2o_concentration' 
'air_temperature' 
'pressure_gas_analyzer' 
'reference_signal_strength' 
'diagnostic_flag' 

sgpco2flxwind4mC1.a1 high-frequency (10 Hz) raw 
observations from the sonic 
anemometer at 4 m. 

'u_wind' 
'v_wind' 
'w_wind' 
'sonic_temperature' 

sgpco2flxwind25mC1.a
1 

high-frequency (10 Hz) raw 
observations from the sonic 
anemometer at 25 m. 

'u_wind' 
'v_wind' 
'w_wind' 
'sonic_temperature' 

sgpco2flxwind60mC1.a
1 

high-frequency (10 Hz) raw 
observations from the sonic 
anemometer at 60 m. 

'u_wind' 
'v_wind' 
'w_wind' 
'sonic_temperature' 

sgpco2flx4mC1.b1 30-minute-averaged fluxes 
and related statistics and 
intermediate products from 
the eddy covariance 
processing (4-m level). 

'momentum_flux' 
'qc_momentum_flux' 
'random_error_momentum_flux
' 
'sensible_heat_flux' 
'qc_sensible_heat_flux' 
'random_error_sensible_heat_fl
ux' 
'latent_heat_flux' 
'qc_latent_heat_flux' 
'random_error_latent_heat_flux' 
'qc_random_error_latent_heat_f
lux' 
'co2_flux' 
'qc_co2_flux' 
'random_error_co2_flux' 
'qc_random_error_co2_flux' 
'h2o_flux' 
'qc_h2o_flux' 
'random_error_h2o_flux' 
'qc_random_error_h2o_flux' 
'co2_molar_density' 
'qc_co2_molar_density' 
'co2_mole_fraction' 
'qc_co2_mole_fraction' 
'co2_mixing_ratio' 
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Datastream name Brief description Variables reported 

'qc_co2_mixing_ratio' 
'co2_time_lag' 
'co2_time_lag_state' 
'h2o_molar_density' 
'qc_h2o_molar_density' 
'h2o_mole_fraction' 
'qc_h2o_mole_fraction' 
'h2o_mixing_ratio' 
'qc_h2o_mixing_ratio' 
'h2o_time_lag' 
'h2o_time_lag_state' 
'sonic_temperature' 
'air_temperature' 
'air_pressure' 
'air_density' 
'air_heat_capacity' 
'air_molar_volume' 
'evapotranspiration_rate' 
'water_vapor_density' 
'water_vapor_partial_pressure' 
'water_vapor_partial_pressure_s
aturation' 
'specific_humidity' 
'relative_humidity' 
'water_vapor_pressure_deficit' 
'dew_point_temperature' 
'eastward_wind' 
'northward_wind' 
'vertical_wind' 
'u_wind_rotated' 
'v_wind_rotated' 
'w_wind_rotated' 
'wind_speed' 
'max_wind_speed' 
'wind_direction' 
'yaw' 
'pitch' 
'friction_velocity' 
'turbulent_kinetic_energy' 
'monin_obukov_length' 
'monin_obukov_stability_para
meter' 
'bowen_ratio' 
'scaling_temperature' 
'momentum_flux_uncorrected' 
'momentum_flux_spectral_corr
ection_factor' 
'sensible_heat_flux_uncorrected
' 
'sensible_heat_flux_spectral_co
rrection_factor' 
'latent_heat_flux_uncorrected' 
'latent_heat_flux_spectral_corre
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Datastream name Brief description Variables reported 

ction_factor' 
'co2_flux_uncorrected' 
'co2_flux_spectral_correction_f
actor' 
'h2o_flux_uncorrected' 
'h2o_flux_spectral_correction_f
actor' 
'eastward_wind_spikes' 
'northward_wind_spikes' 
'vertical_wind_spikes' 
'sonic_temperature_spikes' 
'co2_flux_spikes' 
'h2o_flux_spikes' 
'chopper_flag' 
'detector_flag' 
'pll_flag' 
'sync_flag' 
'mean_value_RSSI' 
'wind_speed_variance' 
'cross_wind_speed_variance' 
'vertical_wind_variance' 
'wind_direction_variance' 
'scaling_temperature_variance' 
'co2_flux_variance' 
'qc_co2_flux_variance' 
'h2o_flux_variance' 
'qc_h2o_flux_variance' 
'scaling_temperature_covarianc
e' 
'co2_flux_covariance' 
'qc_co2_flux_covariance' 
'h2o_flux_covariance' 
'qc_h2o_flux_covariance' 

sgpco2flx25mC1.b1 30-minute-averaged fluxes 
and related statistics and 
intermediate products from 
the eddy covariance 
processing (25-m level). 

'momentum_flux' 
'qc_momentum_flux' 
'random_error_momentum_flux
' 
'sensible_heat_flux' 
'qc_sensible_heat_flux' 
'random_error_sensible_heat_fl
ux' 
'sonic_temperature' 
'air_density' 
'air_heat_capacity' 
'air_molar_volume' 
'eastward_wind' 
'northward_wind' 
'vertical_wind' 
'u_wind_rotated' 
'v_wind_rotated' 
'w_wind_rotated' 
'wind_speed' 



WS Chan and SC Biraud, September 2022, DOE/SC-ARM-TR-048 

8 

Datastream name Brief description Variables reported 

'max_wind_speed' 
'wind_direction' 
'yaw' 
'pitch' 
'friction_velocity' 
'turbulent_kinetic_energy' 
'monin_obukov_length' 
'monin_obukov_stability_para
meter' 
'bowen_ratio' 
'scaling_temperature' 
'momentum_flux_uncorrected' 
'momentum_flux_spectral_corr
ection_factor' 
'sensible_heat_flux_uncorrected
' 
'sensible_heat_flux_spectral_co
rrection_factor' 
'eastward_wind_spikes' 
'northward_wind_spikes' 
'vertical_wind_spikes' 
'sonic_temperature_spikes' 
'wind_speed_variance' 
'cross_wind_speed_variance' 
'vertical_wind_variance' 
'wind_direction_variance' 
'scaling_temperature_variance' 
'scaling_temperature_covarianc
e' 

sgpco2flx60mC1.b1 30-minute-averaged fluxes 
and related statistics and 
intermediate products from 
the eddy covariance 
processing (60-m level). 

'momentum_flux' 
'qc_momentum_flux' 
'random_error_momentum_flux
' 
'sensible_heat_flux' 
'qc_sensible_heat_flux' 
'random_error_sensible_heat_fl
ux' 
'sonic_temperature' 
'air_density' 
'air_heat_capacity' 
'air_molar_volume' 
'eastward_wind' 
'northward_wind' 
'vertical_wind' 
'u_wind_rotated' 
'v_wind_rotated' 
'w_wind_rotated' 
'wind_speed' 
'max_wind_speed' 
'wind_direction' 
'yaw' 
'pitch' 
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Datastream name Brief description Variables reported 

'friction_velocity' 
'turbulent_kinetic_energy' 
'monin_obukov_length' 
'monin_obukov_stability_para
meter' 
'bowen_ratio' 
'scaling_temperature' 
'momentum_flux_uncorrected' 
'momentum_flux_spectral_corr
ection_factor' 
'sensible_heat_flux_uncorrected
' 
'sensible_heat_flux_spectral_co
rrection_factor' 
'eastward_wind_spikes' 
'northward_wind_spikes' 
'vertical_wind_spikes' 
'sonic_temperature_spikes' 
'wind_speed_variance' 
'cross_wind_speed_variance' 
'vertical_wind_variance' 
'wind_direction_variance' 
'scaling_temperature_variance' 
'scaling_temperature_covarianc
e' 

sgpco2flxrad4mC1.b1 30-minute-averaged values 
from the ‘radiation satellite’ 
datalogger. 

'battery_minimum' 
'panel_temperature' 
'downwelling_shortwave' 
'qc_downwelling_shortwave' 
'downwelling_longwave' 
'qc_downwelling_longwave' 
'upwelling_shortwave' 
'qc_upwelling_shortwave' 
'upwelling_longwave' 
'qc_upwelling_longwave' 
'CNR4_temperature' 
'qc_CNR4_temperature' 
'upwelling_photosynthetic_acti
ve_radiation' 
'qc_upwelling_photosynthetic_
active_radiation' 
'downwelling_photosynthetic_a
ctive_radiation' 
'qc_downwelling_photosyntheti
c_active_radiation' 
'downwelling_direct_shortwave
' 
'qc_downwelling_direct_shortw
ave' 
'downwelling_diffuse_shortwav
e' 
'qc_downwelling_diffuse_short
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Datastream name Brief description Variables reported 

wave' 
'total_solar' 
'qc_total_solar' 
'si_sensor_body_temperature' 
'qc_si_sensor_body_temperatur
e' 
'thermopile_infrared_detector' 
'qc_thermopile_infrared_detect
or' 
'surface_temperature' 
'qc_surface_temperature' 

sgpco2flxsoilC1.b1 30-minute-averaged values 
from the soil satellite’ 
datalogger. 

'measured_soil_heat_flux' 
'qc_measured_soil_heat_flux' 
'calibrated_soil_heat_flux' 
'qc_calibrated_soil_heat_flux' 
'raw_volumetric_water_content' 
'qc_raw_volumetric_water_cont
ent' 
'raw_soil_electrical_conductivit
y' 
'qc_raw_soil_electrical_conduct
ivity' 
'raw_soil_temperature' 
'qc_raw_soil_temperature' 
'raw_permittivity' 
'qc_raw_permittivity' 
'raw_signal_oscillation_period' 
'qc_raw_signal_oscillation_peri
od' 
'raw_voltage_ratio' 
'qc_raw_voltage_ratio' 
'calibration_flag' 

sgpco2flxsoilauxC1.b1 30-minute-averaged values 
from the datalogger on the 
4-m eddy covariance tripod. 

'panel_temperature' 
'battery_minimum' 
'atmospheric_pressure' 
'ambient_air_temperature' 
'relative_humidity' 
'precipitation_rate' 
'auxiliary_volumetric_water_co
ntent' 
'qc_auxiliary_volumetric_water
_content' 
'auxiliary_soil_electrical_condu
ctivity' 
'qc_auxiliary_soil_electrical_co
nductivity' 
'auxiliary_soil_temperature' 
'qc_auxiliary_soil_temperature' 
'auxiliary_permittivity' 
'qc_auxiliary_permittivity' 
'auxiliary_signal_oscillation_pe
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Datastream name Brief description Variables reported 

riod' 
'qc_auxiliary_signal_oscillation
_period' 
'auxiliary_voltage_ratio' 
'qc_auxiliary_voltage_ratio' 

sgpco2flxwindC1.b1 combined wind statistics 
from the sonic anemometers 
at 4, 25, 60-m levels. 

'vertical_wind_4m' 
'wind_speed_4m' 
'qc_wind_speed_4m' 
'max_wind_speed_4m' 
'wind_direction_4m' 
'qc_wind_direction_4m' 
'wind_speed_variance_4m' 
'cross_wind_speed_variance_4
m' 
'vertical_wind_variance_4m' 
'wind_direction_variance_4m' 
'vertical_wind_25m' 
'wind_speed_25m' 
'qc_wind_speed_25m' 
'max_wind_speed_25m' 
'wind_direction_25m' 
'qc_wind_direction_25m' 
'wind_speed_variance_25m' 
'cross_wind_speed_variance_25
m' 
'vertical_wind_variance_25m' 
'wind_direction_variance_25m' 
'vertical_wind_60m' 
'wind_speed_60m' 
'qc_wind_speed_60m' 
'max_wind_speed_60m' 
'wind_direction_60m' 
'qc_wind_direction_60m' 
'wind_speed_variance_60m' 
'cross_wind_speed_variance_60
m' 
'vertical_wind_variance_60m' 
'wind_direction_variance_60m' 
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Prior to 2015-07-20, the CO2FLX observation can be found in the following datastreams: 

Table 4. Datastream variables for CO2FLX before July 2015. 

Datastream name Brief description Variables reported 

sgp30co2flx4mC1.a1 
sgp30co2flx25mC1.a1 
sgp30co2flx60mC1.a1 

30-minute averages and higher-order 
statistics of high-frequency eddy 
covariance observations at each level 
(4, 25, 60 m).  

'mean_unrot_u' 
'mean_unrot_v' 
'mean_unrot_w' 
'mean_t' 
'mean_q' 
'mean_c' 
'var_unrot_u' 
'var_unrot_v' 
'var_unrot_w' 
'var_t' 
'var_q' 
'var_c' 
'skew_unrot_u' 
'skew_unrot_v' 
'skew_unrot_w' 
'skew_t' 
'skew_q' 
'skew_c' 
'kurt_unrot_u' 
'kurt_unrot_v' 
'kurt_unrot_w' 
'kurt_t' 
'kurt_q' 
'kurt_c' 
'cvar_unrot_uv' 
'cvar_unrot_uw' 
'cvar_unrot_vw' 
'cvar_unrot_ut' 
'cvar_unrot_uq' 
'cvar_unrot_uc' 
'cvar_unrot_vt' 
'cvar_unrot_vq' 
'cvar_unrot_vc' 
'cvar_unrot_wt' 
'cvar_unrot_wq' 
'cvar_unrot_wc' 
'cvar_tq' 
'cvar_tc' 
'cvar_qc' 
'theta' 
'phi' 
'mean_rot_u' 
'mean_rot_v' 
'mean_rot_w' 
'var_rot_u' 
'var_rot_v' 
'var_rot_w' 
'cvar_rot_uv' 
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Datastream name Brief description Variables reported 

'cvar_rot_uw' 
'cvar_rot_vw' 
'cvar_rot_ut' 
'cvar_rot_uq' 
'cvar_rot_uc' 
'cvar_rot_vt' 
'cvar_rot_vq' 
'cvar_rot_vc' 
'cvar_rot_wt' 
'cvar_rot_wq' 
'cvar_rot_wc' 
'nspk_unrot_u' 
'nspk_unrot_v' 
'nspk_unrot_w' 
'nspk_t' 
'nspk_q' 
'nspk_c' 
'mean_spk_unrot_u' 
'mean_spk_unrot_v' 
'mean_spk_unrot_w' 
'mean_spk_t' 
'mean_spk_q' 
'mean_spk_c' 
'mean_p' 

sgp30co2flx4mC1.b1 
sgp30co2flx25mC1.b1 
sgp30co2flx60mC1.b1 

30-minute fluxes, correction factors, 
and eddy covariance terms at each level 
(4, 25, 60 m).  

'fc_corr' 
'qc_fc_corr' 
'fc_wpl_h' 
'qc_fc_wpl_h' 
'fc_wpl_le' 
'qc_fc_wpl_le' 
'h' 
'qc_h' 
'le' 
'qc_le' 
'zm' 
'mean_rot_u' 
'qc_mean_rot_u' 
'mean_t' 
'qc_mean_t' 
'mean_q' 
'qc_mean_q' 
'mean_c' 
'qc_mean_c' 
'mean_p' 
'qc_mean_p' 
'var_rot_u' 
'qc_var_rot_u' 
'var_rot_v' 
'qc_var_rot_v' 
'var_rot_w' 
'qc_var_rot_w' 
'var_t' 
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Datastream name Brief description Variables reported 

'qc_var_t' 
'var_q' 
'qc_var_q' 
'var_c' 
'qc_var_c' 
'wdir' 
'qc_wdir' 
'theta' 
'qc_theta' 
'phi' 
'qc_phi' 
'ustar' 
'qc_ustar' 
'Lmoni' 
'qc_Lmoni' 

sgp30co2flx4mmetC1.b1 30-minute fluxes from 4-m level 
including meteorological, radiation, and 
soil sensor observations.  

'fc_corr' 
'qc_fc_corr' 
'fc_wpl_h' 
'qc_fc_wpl_h' 
'fc_wpl_le' 
'qc_fc_wpl_le' 
'h' 
'qc_h' 
'le' 
'qc_le' 
'zm' 
'mean_rot_u' 
'qc_mean_rot_u' 
'mean_t' 
'qc_mean_t' 
'mean_q' 
'qc_mean_q' 
'mean_c' 
'qc_mean_c' 
'mean_p' 
'qc_mean_p' 
'var_rot_u' 
'qc_var_rot_u' 
'var_rot_v' 
'qc_var_rot_v' 
'var_rot_w' 
'qc_var_rot_w' 
'var_t' 
'qc_var_t' 
'var_q' 
'qc_var_q' 
'var_c' 
'qc_var_c' 
'wdir' 
'qc_wdir' 
'theta' 
'qc_theta' 
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Datastream name Brief description Variables reported 

'phi' 
'qc_phi' 
'ustar' 
'qc_ustar' 
'Lmoni' 
'qc_Lmoni' 
'bar_pres' 
'qc_bar_pres' 
't_air_upper' 
'qc_t_air_upper' 
't_air_lower' 
'qc_t_air_lower' 
'rh_upper' 
'qc_rh_upper' 
'rh_lower' 
'qc_rh_lower' 
'z_upper' 
'z_lower' 
'mean_g_soil' 
'qc_mean_g_soil' 
'stderr_mean_g_soil' 
'z_g_soil' 
'r_net' 
'qc_r_net' 
'r_tot' 
'qc_r_tot' 
'r_down_short_hemisp' 
'qc_r_down_short_hemisp' 
'r_up_short_hemisp' 
'qc_r_up_short_hemisp' 
'r_down_long_hemisp' 
'qc_r_down_long_hemisp' 
'r_up_long_hemisp' 
'qc_r_up_long_hemisp' 
't_rad' 
'qc_t_rad' 
'ppfd' 
'qc_ppfd' 
'zrad' 
'mean_t_soil_upper' 
'qc_mean_t_soil_upper' 
'stderr_mean_t_soil_upper' 
'z_t_soil_upper' 
'mean_t_soil_middle' 
'qc_mean_t_soil_middle' 
'stderr_mean_t_soil_middle' 
'z_t_soil_middle' 
'mean_t_soil_lower' 
'qc_mean_t_soil_lower' 
'stderr_mean_t_soil_lower' 
'z_t_soil_lower' 
'mean_m_soil_upper' 
'qc_mean_m_soil_upper' 



WS Chan and SC Biraud, September 2022, DOE/SC-ARM-TR-048 

16 

Datastream name Brief description Variables reported 

'stderr_mean_m_soil_upper' 
'z_m_soil_upper' 
'mean_m_soil_lower' 
'qc_mean_m_soil_lower' 
'stderr_mean_m_soil_lower' 
'z_m_soil_lower' 
'precip' 
'qc_precip' 
'ppfd_up' 
'qc_ppfd_up' 

6.3 Data Plots 

Near-real-time dynamic data plots are available at https://dq.arm.gov/dq-plotbrowser/. Additionally, the 
instrument mentors maintain an independent data visualization dashboard for routine quality assessment. 

6.4 Data Quality 

Many variables have associated quality control (QC) flags included in the datastream (only for b1-level 
data). The QC flag for a given variable has ‘qc_’ at the start of the variable name. The QC flag 
descriptions are included in the NetCDF file: either in the global file attribute or in variable-specific 
attributes. 

The QC flags for turbulent fluxes (H, LE, co2_flux, etc.) have flags 1-9, which correspond to 
micrometeorological test results based on Foken et al. (2004). In this test rubric, lower values are better 
for satisfying assumptions used for eddy covariance flux calculations. All variables measured by or 
derived from the infrared gas analyzer (IRGA) also have a flag 10, which is triggered when the sensing 
path is not clear (dirt, precipitation, etc.). 

No QC flags are generated for the unprocessed a1-level data. The sonic anemometers and IRGA have 
exposed sensing paths that are sensitive to environmental contamination including precipitation. The 
relative cleanliness of the IRGA sensing path is reported in the ‘reference_signal_strength’ variable. 
Periods when the signal strength is below 93 should be treated cautiously. 

6.5 Instrument Mentor Monthly Summary 

Instrument mentors review the CO2FLX data every few days using our in-house graphical time series 
figures. Known issues or loss of data are captured in Data Quality Reports (DQR). 

7.0 Technical Specification 
All instruments deployed as part of the CO2FLX system are commercially available. Cited technical 
specifications in this section will be those reported by the instrument manufacturers. Technical 
specification will focus on the eddy covariance sensors (sonic anemometer, gas analyzer) for brevity. 

https://dq.arm.gov/dq-plotbrowser/
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7.1 Sonic Anemometer 

The Gill R3-50 sonic anemometer is used for wind measurements at 4, 25, 60 m. 

Wind measurement specifications: 

Measurement Rate: 50 s-1 (Full 3-axis measurement) 
Data Output Rates: From 0.4 to 50 s-1 
Wind Speed Range: 0 to 45 ms-1 
Wind Speed Accuracy: <1% rms 
Wind Speed Resolution: 0.01 ms-1 
Wind Speed Offset: <±0.01ms-1 

Speed-of-sound measurement specifications: 

Measurement Rate: 50 s-1 (Synchronous to wind measurement) 
SOS Range: 300-370 ms-1 
SOS Accuracy: <±0.5% (For wind speeds <30 ms-1) 
SOS Resolution: 0.01ms-1 

7.2 Infrared Gas Analyzer (IRGA) 

The LI-7500RS infrared gas analyzer is used for observations of CO2 and H2O at 4m only. 

CO2 measurement specifications: 

Calibration Range: 0 to 3000 μmol mol-1 
Accuracy: Within 1% of reading 
Zero Drift (per °C): 
±0.1 ppm typical 
±0.3 ppm maximum 
RMS Noise (typical @ 370 ppm CO2): 
@5 Hz: 0.08 ppm 
@10 Hz: 0.11 ppm 
@20 Hz: 0.16 ppm 
Gain Drift (% of reading per °C @ 370 ppm): 
±0.02% typical 
±0.1% maximum 
Direct Sensitivity to H2O (mol CO2 mol-1 H2O): 
±2.00E-05 typical 
±4.00E-05 maximum 

H2O measurement specifications: 

Calibration Range: 0 to 60 mmol mol-1 
Accuracy: Within 1% of reading 
Zero Drift (per °C): 
±0.03 mmol mol-1 typical 
±0.05 mmol mol-1 maximum 
RMS Noise (typical @ 10 mmol mol-1 H2O): 
@5 Hz: 0.0034 mmol mol-1 
@10 Hz: 0.0047 mmol mol-1 
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@20 Hz: 0.0067 mmol mol-1 
Gain Drift (% of reading per °C @ 20 mmol mol-1): 
±0.15% typical 
±0.30% maximum 
Direct Sensitivity to CO2 (mol H2O mol-1 CO2): 
±0.02 typical 
±0.05 maximum 

7.3 Input Voltage 

Not a critical specification. All CO2FLX instruments operate on 12 VDC or 5 VDC nominal. The 
radiation and soil stations are supplied via solar panel and a battery. 

The R3-50 sonic anemometer accepts input voltage of 9-30 VDC. The LI-7500 accepts input voltage of 
10.5 to 30 VDC. 

7.4 Input Current 

The R3-50 sonic anemometer is specified for <300 mA at 12 VDC. The LI-7500 is specified for 0.6-1.5 A 
(temperature dependent) at 12 VDC. 

8.0 Instrument System Functional Diagram 
The CO2FLX system is physically deployed on a few different structures/locations. A brief text 
description is provided as well as a diagram and photograph. 

• The 25 and 60-m instruments are located on a 60-m triangular, guyed tower. The instrument booms 
can be mechanically lowered for service at ground level. An instrument shed located at the base of the 
tower houses the primary data acquisition computer. 

• The 4-m flux instruments are located on a tripod to the southeast of the 60-m tower. This tripod also 
includes a datalogger for the T/RH sensor, barometric pressure, rain gauge, and a 6-level soil 
moisture/temperature profile (co2flxsoilaux). There is line power and data communications to this 
tripod. 

• Below-ground observations are collected at a soil ‘satellite’ station located south of the 4m tripod 
(co2flxsoil). Four (4) self-calibrating soil heat flux plates and six (6) soil moisture/temperature 
sensors are located at the soil ‘satellite’. Power is solar/battery. Data communications are via RF 
radio. 

• The radiation sensors are deployed on a remote ‘satellite’ station located south of the soil satellite 
(co2flxrad). The radiation satellite includes the four-component net radiometer, sunshine sensor, two 
PAR sensors, and surface temperature observations. Power is solar/battery. Data communications are 
via RF radio. 



WS Chan and SC Biraud, September 2022, DOE/SC-ARM-TR-048 

19 

 
Figure 1. Instrument schematic of CO2FLX. 

 
Figure 2. Photograph of 4 m tripod and soil and radiation satellites. Taken May 2018 by Sebastien 

Biraud. 

9.0 Instrument/Measurement Theory 
A brief description of the measurement principles of the eddy covariance sensors (sonic anemometer and 
infrared gas analyzer) are provided below. A detailed description of the eddy covariance technique is 
beyond the scope of this document and we refer the read to the Citable References section. 

mailto:scbiraud@lbl.gov
mailto:scbiraud@lbl.gov


WS Chan and SC Biraud, September 2022, DOE/SC-ARM-TR-048 

20 

The sonic anemometer uses three pairs of ultrasonic transmit/receive transducers to measure the transit 
time of sound signals traveling between the transducer pairs. The wind speed along each transducer axis 
is determined from the difference in transit times. The sonic temperature is computed from the speed of 
sound, which is determined from the average transit time along the vertical axis. A pair of measurements 
are made along each axis 100 times per second. Ten measurements are averaged to produce 10 wind 
measurements along each axis and 10 temperatures each second. 

The IRGA measures CO2 and H2O densities by detecting the absorption of infrared radiation in the light 
path. 

10.0 Setup and Operation of Instrument 
The CO2FLX system described in this document was initially installed on 07/20/2015. The initial 
installation included the sonic anemometers at 25 and 60 m and the 4-m tripod instruments. The soil 
satellite was installed on 04/07/2016 and the radiation satellite was installed on 05/18/2016. 

On the 4m tripod, the sonic anemometer and IRGA are located at 4.55 m and the T/RH sensor is at 4.3 m. 
The soil moisture/temperature sensors at the 4m tripod (co2flxsoilaux) are deployed in a vertical profile at 
-0.1, -0.2, -0.3, -0.5, -0.7, and -1 m. 

At the soil satellite (co2flxsoil), the soil heat flux plates are all deployed at -0.075 m. The soil 
moisture/temperature sensors are deployed at two vertical profiles (-0.125, -0.25, -0.38 m). 

At the radiation satellite (co2flxrad), the CNR4, PAR sensors, and SPN1 are all deployed at 2.55 m. The 
infrared thermometer is located at 1m. 

11.0 Software 

11.1 Data Acquisition Software 

The high-frequency data from the sonic anemometer and gas analyzer are sent via serial communications 
(RS-232) to a Microsoft Windows®-based computer. Serial data is read, synchronized, and written to 
files using the HuskerFlux software package. 

Link to source code repository: 
https://github.com/Flux-Dave/HuskerFlux 

Data collected on Campbell Scientific dataloggers are retrieved and written to files using LoggerNet 
software running on a Windows-based computer. This is a commercial software product available from 
the manufacturer, Campbell Scientific. 

11.2 Eddy Covariance Processing Software 

All eddy covariance fluxes are calculated using EddyPro, an open-source software package (see links 
below). Many user-selectable processing options are available in EddyPro. 

https://github.com/Flux-Dave/HuskerFlux
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Link to source code repository: 
https://github.com/LI-COR/eddypro-engine 

Link to online documentation and pre-compiled executables: 
http://www.licor.com/eddypro 

12.0 Calibration 
All instrument calibrations are performed by the instrument manufacturers following calibration intervals 
as recommended by the manufacturer. 

13.0 Maintenance 
SGP site operations conduct daily checks of the CO2FLX system. Both eddy covariance sensors are 
sensitive to environmental contaminants blocking the sensing path, so routine cleaning is necessary to 
maintain instrument performance. Similarly, radiation sensors require regular cleaning. 

14.0 Safety 
The CO2FLX system does not present any particular safety hazards. 

The primary safety considerations faced when working with CO2FLX are environmental hazards 
(weather, stinging insects, etc.). The other safety-related consideration is working at height. ARM SGP 
site safety protocols should be followed at all times. Hard hats should be worn when working in 
proximity to the 60m tower. 
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